The RNA polymerase II ternary complex cleaves the nascent transcript in a 3'----5' direction in the presence of elongation factor SII.
The process by which RNA polymerase II elongates RNA chains remains poorly understood. Elongation factor SII is known to be required to maximize readthrough at intrinsic termination sites in vitro. We found that SII has the additional and unanticipated property of facilitating transcript cleavage by the ternary complex. We first noticed that the addition of SII caused a shortening of transcripts generated by RNA polymerase II at intrinsic termination sites during transcription reactions in which a single NTP was limiting. Truncation of the nascent transcript was subsequently observed using a series of ternary complexes artificially paused after the synthesis of 15-, 18-, 20-, 21-, and 35-nucleotide transcripts. Transcripts as short as 9 or 10 nucleotides were generated in 5-min reactions. All of these shortened RNAs remained in active ternary complexes because they could be chased quantitatively. Continuation of the truncation reaction produced RNAs as short as 4 nucleotides; however, once cleavage had proceeded to within 8 or 9 bases of the 5' end, the resulting transcription complexes could not elongate the RNAs with NTP addition. Transcript cleavage requires a divalent cation, appears to proceed primarily in 2-nucleotide increments, and is inhibited by alpha-amanitin. The catalytic site of RNA polymerase II is repositioned after transcript cleavage such that polymerization resumes at the proper location on the template strand. The extent and kinetics of the transcript truncation reaction are affected by both the position at which RNA polymerase is halted and the sequence of the transcript.